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RESEARCHMEMORANDUM

IM?LUINCEOFFUSELAGE-MOUNTEDROCKWTBOOSTERSONFLOWFIELD

&l INLE!TANDONDHTUSERPERllORMANCEOFSTRUT—MOUNTED

ENGINXAT MACHNUMBERSOF 1.8ANQ2.0

By GeorgeA. WiseandLeonardJ. Ohery “

SUMMARY

Theeffectoffuselage-mountedrocketboostersona strut-mounted
enginewasinvestigatedintheT&?ls8-by 6-foatsupersonictid -
tunnelatMachnumbersof 1.8and2.0anda Reynoldsnumberofapprox-
imately48x106,basedonbodylength.Theboosterswerepairsof
circularcyJinderswithconicalforebodiesmountedonthetopandthe
bottomofthefuselage,andtheenginewasmouhtedm a horizontal
strut.Fortheinvestigation,theboosterswerelocatedintwo
longitudinalpositionsandfairingswereaddedintheforward
position.

.. . +%::9’
Theresultsoftheinvestigationindicatedthe”;~~ebooater~‘in

theforwardpoeitlonhadthemostadverseaffectcme~ineperformmce.
Eithermoving-theboostersaftoradtii~fai+ingswaseffectiveIn
reducingthelossesinenginemassflowandpressurerecovery,but
thefaltigsweremoreeffective.

An auxiliarypowersystemisrequiredforboostin~a”>a-~*”‘ ‘
missile$0 someoperatingconditionatw~ch po~t ther= Jets
furnishthenecesssrythrust.h manycases,rocketsareUSedas
thisauxiliarypowersystem;forsupersonicmissiles,theserockets
maybecomequitelargerelativetothemissilesize. Themountingof
theselargebadiesonthefuselageofa missilemy affecttheengine
performance.

Therefore,an investigationwasconductedtodeterminescmeof
theinterferenceeffectsonengineperformanceresulttngfromrocket
boostersmountedonthefuselage.Pairsofrocketboosterswere
mountedonthetopandbottcmofa fuselagetogetherwitha nacelle
enginestrut-mountedonthesideofthefuselage.Thepurposeof

-.

theinvestixtionwasto”detemninetheeffectoftheboostersonthe
. flowfield=ttheinletstationandtheextent

performancewasaffected.
towhichtheengtie
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Theinvestigationwas”conductedin theLewis8-by 6-footsuper-
sonicwindtunnelatMachnumbersof 1.8and2.0througha rangeofangles
ofattackandmassflowratios.TheReynoldsnumberoftheinvestigation
wasapproximately4.8X106based.onbodyleng~: .-

APPARATUSANDPROCEDURE

ThemodelInvestigatedinthetunriel (fig.1) consistedofa body
ofrevolutionwithpairsofdummyrocketboo_s_tersmountedonthetopand
bottomofthefuselageanda nacelle-typeenginestru~mountedhorizon___
tallyon.thebody. Thesymmetricalfuselagehada length-diameterratio
of12anda maximumdiameterof9 inches.Thedumnyrocketboostershad
60°conicalnosesandcylindricalafterbodies4.7inchesindiameter
andwereofarbitrarylength.Eachpairof-boosterswasconnectedby a
metalplateacrossthetopofthecones.Theywerelocatedattwolongi.-
tutinalstationsas showninfigure.1(hereinaftercalledboosters-forward
andboosters-aftlocations)andjwiththeboostersintheforwardposi-
tion,a fairing(fig..2(a))wasplacedoverthenoseoftheboosters.
Photographsshotingthefairingontheboostqsad thebOO@ersinthe.” .-”–
aftpositionarepresentedinfigure3.

Theenginewaslocated1~enginediametersfromthebodycenterline
andwasmountedin-thehorizontalplane(figs.1 and3). Thediffuser
wasidenticaltothemodifieddiffuserofreference1 withtheexception
oftheinnerbodyaft”ofthecylindricalportionoftheouter.shell.
Coordinatesforthediffuserandtheenginedimensionsaregivenin
figure2(b).Themassflow.-throug~theengineW= controlledby a mov%
bleplugmountedfromtherearofthebody.

A flowsurveyrakewasmountedontheoppositesideofthebodyfrom
theengineandwasl~tedlongitudinallyin.the.plqneoftheinlet.
Figure2(c)showst%dh%etailsoftheflowsuryeyinstr-tunentation.Pitot
pressuretubesweremoLM,@dadjacent~o6~,~lo?,.s’qrvey”weUes.The,. entj+’’&&%yap@ratuswas@ifted:vertj$*:~o~;@qo~ea flowsurvey
overtheareashowninfi.grire.l(c)...,Instrumentatt6fl.fW thee@nes con- -,
sistedofB@tlcpressureiakes”locatedattQediffuserexitandinthe
combustionch&uben;’”desi,~tedinfigure,2(b)“a’sstat<Qns3 andA,

.

respectively. ‘ . .
.

In thereductionofthe,data‘fromthefl@ surveyapparatus,the
measuredpito$pressureswerecorreeted”fornormalshocklossesby means
M thelocal”h@chnumbersasmeastzredby the-wed@ss:As canbe seen

,,.

fromfigurq.1.(front’viewof,themodel)),’shiftir@the:surveyapparatus
verticallyp&mitted%he.localMqchnqmbem&.&~ot&l-$mespurestobe
Wasuredat tie stia”points”intheflowfiel~.Side.yashanglesweremeas-
m“eddirectly,@th.thewe~”es“and-thes.@@+&_:@recorrectedforweae
misfiinementorpossib:efree-&tyeam=ngula@.j%yby sfibtractingthe
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sidewashforthebodyaloneat zeroangleof
. data. Themassflowthroughtheengineswas

3

attackfromtherestof the
computedfromtheknown

exitareaandthemeasuredco?.ibustion-chs.aiberstaticpressure,assuming
chokingat theexitarea. Theratiooftheexitareato theeombustion-
chsmberareadeterminedthecombustion-chamherMachnumber,which
togetherwiththemeasuredstaticpressuredeterminedthetotalpressure
at stationA. Thistotalpressurewasassumedtoactat theexitstation.
Totalpressurerecoveryforthediffuserwasdeterminedfromtheknown

N mass flow andthemeasuredstaticpressureat thediffuserexit(sta- ----
% tion3).H

RESULTSANTIDISCUSSION

Thecharacteristicsof theflowfieldata Machnuniberof 2.0are
presentedinfigures4 to6. Withtheboosterslocatedin theforward
position(fig.4(a)),theinletwasimmersedina regionof decreased
availabletotalpressure.Theadditionofthefairingstotheboosters
intheforwardpositionconsiderablyreducedthelossina&ilabletotal
pressureandalsoconfinedittoa regioncloseto thebody(fig.4(b)).
Movingtheboostersaftalsoreducedthelossinavailabletotalpres-
surealthougl.theeffectsof theboosterson theflowfield=tended
nesrlytotheinlet(fig.4(c)).

Fortheboostersforward,an outwashoftheorderof 2°wasmeas-
uredinthevicinityof theinlet(fig.4(a)).Additionofthefairings
completelyeliminatedtheoutwashat theinletandproduceda small
amountof inwashas indicatedinfigure4(b).Movingtheboostersrear-
wardalsoeliminatedtheoutwashproducedby theboosters-forwardcon-
figuration;however,theinwashresultingfromtheboosters-aftconfigu-
rationwasgreaterinmagnitudethanthepreviouslymeasuredoutwash
(fig.4(C)).Thus,movingtheboostersrearwarddecreasedthetotal
pressureloss,butat theexpenseofincreasedsidewash.

Foreachconfiguration,it canbe seenthata variationof angleof
attackhasonlyslighteffecton theflowfield(figs.4 to6). Thisis
evidencedby thefactthattheregionsoflowtotalpressureand large
sidewashare,ingeneral,locatedin thesanepositiontithrespectto
theinletthroughouttheangle-of-attackrange.Becauseofthissmall
angle-of-attackeffect,thechangesin configurationhadthesameeffect
at anglesofattackof3°and6°asat OO.

Fora Machnumberof1.8andanangleofattackof 0° (fig.7),the
lowestavailabletotalpressureoccurredwiththeboostersintheforward
position.Also,as inthecaseofa Machnumberof 2.0,theengineswere

-.

welloutsidethelowtotalpressureregionwhenthefairingswereon the
boosters. —
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Thesidewashcontoursshowthattheregionsof outflowmovedout-

boardofthebodyfromtheirpositionsat a Machnumberof 2.0. Ata
Machnuniberof 2.0withtheboostersaft,theengineinletwasimmersed
almostentirelyininflow,whereasata Machnuniberof1.8a largepor-
tionoftheinletwasimersedin outflow.Theotherconfigurations
alsoshowedthesametrend.Becauseofthisshifting,thegreatestside-
washat theinletoccurredwiththeboostersintheforwardposition.
Also,greatersidewashwasnotedtiththefairingsonatMachnumber1.8
thanatMachnumber2.0.

A comparisonofenginemassflowandprgssurerecoveryforvarious
configurationsat zeroangleofattackforthetwoMachnumbersispre-
sentedinfigure8. At a Machnumberof 2.02theboostersintheaft
positionandtheforward-positionwithfairingshada smallbutmeas-

—

urableeffectonmassflowandpressurereco~e~y.Theboostersinthe
.-

forwardposition,however,reducedthepressurerecoveryandthemaxi-
mummassflowratioandcompletelyeliminatedthestablerange.

At a Machnumberof1.8,thebbostersintheaftpositioncauseda
relativelygreaterdecreaseinmassflowandpressurerecoverythanat
a Machnumberof2.0. Thisisdueprobablytothefactthattheshock
offtheboosterslayfartherforwardata Machnumberof1.8thanata
Machnumberof 2.0. Also,withtheboostersforward,therewasa stable
operatingrangeata Machnumberof1.8wheretherewasnoneata Mach
numberof 2.0.

Theenginecharacteristicsforallconfigurationsat a Machnumber
of 2.0arepresentedinfigure9. Withtheboostersoff,thepressure
recoveriesandmassflowswerenearlythesameas thoseobtainedwiththe
enginealone(reference1) exceptthatthestableoperatingrangewas
reducedatangleofattack.

Mountingtheboostersonthefuselageintheforwardpositionreduced
boththemaximumtotelpressurerecoveryendthemassflowratioofthe
diffuser.Also,at 0°and3°anglesofattack,thestablesubcritical
rangeobtainedwiththeboosters-offconfigurationwasentirelyeliminated.
Thelackof stablesubcriticalrange(ascontrastedtothestablerange
obtainedforotherconfigurationsattheseanglesofattack)isbelieved
toresultfromtheregionoflowavailabletotalpressurelocatedin a
restrictedsectionnearthecowllip,as shownin theflowswrveysof
figures4(a)and5(a),since,whenthelowtotslpressureregionreceded
fromthelipat 6°angleofattick,a small‘stablesubcriticalrange%?as
obtained.Comparisonofthesidewashcontoursfortheangle-of-attack
rqe andamongthethreeconfigurationsindicatesthatsidewashprobably
didnotcausethediffuserinstability.Withtheboostersforward,increas-
ingtheangleofattackfrom3°to 60 increasbdthemassflowratioandpro-
videda limitedstablesubcriticalrangebutdecreasedthetitalpressure
recovery.Consideringtheflowsurvey(figs.5(a)and6(a)),itappeam
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pessiblethattheincreasedmassflowratioresulted
availabletotalpressureanda decreaseIn sidewash..
sented,theMachnumberinthevicinityoftheinlet

froman increasein
Althoughnotpre-
wasalsolowerfor

anangleof attackof 6°thanfor0° and3°. Itisalsopossiblethatthe
increasein=ss flowcouldhaveresultedfromdownwmhchanges.

Withthefairingsontheboosters,theonlycharacteristicthat
variedwithangleofattackwasthestableoperatingrange.Thisvari-

% ation,whichwasa decreaseof stsblesubcriticalrangewithanincrease
mP ofan@e ofattack,wasapparentlynottheresultof changesinavail-

abletotalpressureor sidewashbutis~ssiblya functionofdownwash.

Withtheboostersin theaftpositionlittlechangewasnotedinthe
massfloworpressurerecoveryas theangleofattackwasincreasedfrom
0° to3°. A considerabledecrease,however,resultedfroman increase
inthe@e ofat&Ck from3°to6°. Apparentlythisvariationindif-
fusercharacteristicswithangleofattackcannotbe attributedto either
theavailabletotalpressureor thesidewash,sin~e,frOmfigures4(c),
5(c),and6(c),littlechangeisnotedin thesequantitiesthroughthe
angle-of-attackrange.It canalsobe seenthatforanglesofattack
of 0°and6°themassflowandpressurerecoverywerereducedapproxi-
mately2 percentfromthe0°and6°valuesfortheboosters-offconfigu-
ration.Itthusmaybe concludedthatsomeotherstreamvariable,such
as downwashorMachnuuiber,favorablyinfluencedthediffuserat anangle
of attackof3°b@ notat 0°or 6°.

.

SUMMARYOFRESULTS

An investigationto determinetheeffectsoffuselage-nmuntedrocket
boostersontheflowfieldattheinletandon thediffuserperformance
ofa strut-mountedengineatMachnunibersof1.8and2.0wasconducted
intheLewis8-by 6-footsupersonicwindtunnel.Theboosters,which
werepairsof circularcylinderswithconical.foreboties,werelocated
onthetopandbottomofthefuselage.Theywereinvestigatedin two
longitudinalpositionsandwithfairings.

Thefollowingresults,were.obtained:

1.At a Machnumberof2.0,theboostersintheforwardNsition
hadtheeffectof immersingtheinletina regionoflowavailabletotal
pressure.Placingfairings on theboostersormovingthemaftwithout
fairingstendedtoreducethelossinavailabletotalpressure.However,
movingtheboostersaftincreasedtheavailabletotalpressureat the
expenseof increasedsidewash.At a Machnumberof1.8,thegreatestY lossinavailabletotalpressureandthelargestsidewashwereobtained

1

withtheboostersforward.Addingrairingstotheboosterswasthemost
successfulwayofreducingtheselosses.
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2.At bothMachnumbersthegreatestlossesinmassflowandtotal
pressurerecoveryoftheenginewereobtainedwiththeboostersin the
forwardposition.Themosteffectivemeansofreducingtheseadverse
effectswastheplacingoffairingsoverthenoseoftheboosters.
Metingtheboostersaftwasalsohelpfulbutnotsoeffectiveasthe
fairings.

3.Angleofattackhadonlya slighteffectontheflowfield
characteristicsforeachconfiguration.

.
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LewisFlight!?ropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio
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